Different regulatory programs are likely to control expression of the ␣1(XI) collagen (COL11A1) gene in cartilaginous and non-cartilaginous tissues and in coordination with different collagen genes. Here, we report the identification of a cis-acting element that is required for constitutive and tissue-specific activity of the proximal COL11A1 promoter. The element binds an apparently novel activator whose expression is restricted mostly, but not exclusively, to cells of mesenchymal origin. Transient transfection experiments using wildtype and mutant constructs demonstrated the critical contribution of a 45-base pair upstream element (FP9) to promoter activity. The same functional tests and DNA binding assays narrowed down the critical portion of FP9 to a 20-base pair sequence, which consists of an imperfect palindrome with strong homology to the GATA consensus motif. Despite being able to bind GATA proteins in vitro, FP9 is actually recognized by a distinct ϳ100-kDa polypeptide (FP9C) probably belonging to the zinc-finger family of transcription factors. FP9C binding was mostly identified in nuclei from cells of mesenchymal origin, including those actively engaged in COL11A1 transcription. A positive correlation was also established between the level of FP9C binding and the degree of cell differentiation in vitro. Thus, FP9C represents an unusual example of tissue-specific and differentiationrelated transcription factor with overlapping expression in hard and soft connective tissues.
Proper expression of collagen genes during embryogenesis and in the adult organism are required for the correct assembly and the physiological maintenance of the extracellular matrix (ECM) 1 (1) . Conversely, deregulated production of collagen molecules is the hallmark of a variety of connective tissue disorders (2) . During the past few years, substantial effort has been directed toward understanding the transcription of collagen genes, including the identification of factors that confer spatiotemporal specificity. By and large, most of the progress has been made with the genes coding for the subunits of types I and II collagen. This body of work has identified cis-acting elements and trans-acting factors that restrict expression of these collagens to distinct mesenchymal cell lineages. Several reports have demonstrated that transcription of the ␣1(I) collagen gene in osteoblasts is under the control of an upstream element that contains multiple binding sites for nuclear proteins (4 -7) . This modularly arranged cis-acting element is recognized by both ubiquitous and osteoblast-specific factors (6, 7) . There is evidence suggesting that the latter includes an apparently new member of the homeodomain proteins (7) . Similarly, an 18-bp sequence within the first intron of the ␣1(II) collagen gene has been shown to control promoter expression in cartilaginous tissues by binding a transcriptional complex that includes the SOX9 activator (8, 9) . Finally, expression of the proximal promoter of ␣2(I) collagen in dermis, tendon, and the fibrous layers of many internal organs has been reported to be significantly augmented by a far-upstream enhancer that contains fibroblast-specific DNase-hypersensitive sites (10) .
We are interested in the control of the genes coding for the subunits of the so-called minor fibrillar collagens (11) . The two members of this subgroup of collagens, types V and XI, play a critical role in regulating the formation of the types I and II fibrillar networks in cartilaginous and non-cartilaginous tissues, respectively (12, 13) . They can also give rise to cross-type trimers consisting of ␣2(V) and ␣1(XI) chains in vascular muscles and in the developing bone, among other tissues (11) . Although the precise function of this cross-type molecule remains a mystery, its tissue distribution implies that the ␣2(V) and ␣1(XI) collagen (COL5A2 and COL11A1) genes are more broadly expressed than those coding for the subunits of the parental trimers, as well as the co-expressed types I and II collagen genes. This in turn endows COL11A1 with the distinction of being the sole collagen gene to be transcribed in both cartilaginous and non-cartilaginous tissues. We have previously reported the characterization of the proximal upstream sequence of COL11A1 (14) . DNA sequencing has revealed that the promoter contains GC-rich boxes in place of the TATA motif. DNA transfections have established that cis-acting elements located between nucleotides Ϫ541 and Ϫ199 drive constitutive transcription from the proximal promoter in ␣1(XI) collagen-producing cells. The latter tests have employed the rhabdomyosarcoma A-204 line and vascular smooth muscle cells (smc), as the COL11A1-positive cells, and the fibrosarcoma HT-1080 line, as the COL11A1-negative cell. Finally, DNase I footprinting assays have mapped nine areas of interaction with nuclear proteins (FP1 to FP9) within the proximal promoter (Fig. 1) . Based on sequence homologies, most of them were thought to represent binding sites for ubiquitous activators, like AP2 and Sp1 (14) . An interesting correlation was also noted with the proximal promoter of the coordinately expressed COL5A2 gene (15) . The two collagens were in fact found to share an upstream element, called FPB in COL5A2 and FP7 in COL11A1, that binds the same ubiquitously expressed transacting factor (14) .
The present study was designed to further characterize the cis-acting elements of the Ϫ541 to Ϫ199 segment and implicitly, the trans-acting factors involved in COL11A1 regulation. The results indicate that constitutive and cell type-specific transcription of the Ϫ541COL11A1 promoter is under the control of FP9, an element farther upstream of FP7. More importantly, the experimental evidence suggests that the transcription factor binding to FP9 is an apparently new member of the zinc-finger family of nuclear proteins. The factor (FP9C) is mostly expressed in cells of mesenchymal origin and always in those actively transcribing COL11A1. Interestingly, we also found a positive correlation between the level of FP9C binding and the stage of differentiation of osteoblastic and skeletal muscle cell lines. (16) . Short term cultures of mouse costal chondrocytes were prepared as described (17) . RNA was purified from cultured cells and subjected to Northern hybridization to probes for COL11A1 and glyceraldehyde-3-phosphate dehydrogenase according to standard protocols (18) . Progressive 5Ј deletion of the COL11A1 promoter and internal substitutions of the 45-bp and 20-bp FP9 with unrelated sequences were engineered using specific oligonucleotide primers and the polymerase chain reaction technique and were all verified by DNA sequencing (18) . The mutant sequences were subcloned 5Ј of the chloramphenicol acetyltransferase (CAT) reporter gene in the vector pBLCAT3 (19) . Purified plasmid DNA was introduced into the cells by the calcium phosphate method according to the published protocol along with the normalizing standard pSVLUC, a plasmid containing the luciferase reporter gene under the transcriptional control of the SV40 promoter (20) . About 48 h after transfection, cells were harvested and assayed for CAT and luciferase activities. Values were normalized for the co-transfected plasmid and expressed relatively to parallel transfections of the pSVCAT vector. Cell transfections were performed multiple times and the resulting data were evaluated using Student's t test.
MATERIALS AND METHODS

Cells and Other Reagents-Human
In Vitro DNA Binding Assays-Crude nuclear extracts were purified according to our published protocol (15) . Unless otherwise specified, 5 g of nuclear proteins were used in the electrophoretic mobility shift assay (EMSA) together with approximately 10,000 dpm of labeled oligonucleotide probe as described previously (15) . Unlabeled competitors were added in the amounts indicated in the figure legends, or otherwise at 100-fold molar excess. In the zinc-dependence assay, 0.5 l of 1,10-phenanthroline (OPA) resuspended in ethanol at the concentration of 1 M, 0.2 M, or 0.1 M was added to 47.5 l of buffer solution containing nuclear proteins and dI-dC and was then incubated on ice for 5.5 h. This was followed by addition of the labeled probe and incubation on ice for an additional 30Ј prior to EMSA. Conditions for DNase I footprinting and DNA methylation interference assays were essentially identical to the published protocols (15) .
Gel Filtration Chromatography-To estimate the molecular weight of denatured FP9C, nuclear extracts from A-204 cells (500 g) were dissolved in 500 l of denaturing buffer containing 6 M guanidine HCl, 50 mM Tris-HCl, pH 8.0, 0.1 mM dithiothreitol, 0.1 mM of phenylmethylsulfonyl fluoride and left on ice for 30 min. After clearing it by centrifugation, the solution was applied to a Sephacryl S-300 column (50 cm ϫ 1 cm, inner diameter) equilibrated in the same denaturing buffer. Fractions (0.75 ml) were collected and analyzed by EMSA after microdialysis of 100-l aliquots against 20% glycerol, 20 mM Hepes, pH 7.9, 0.1 mM dithiothreitol, 0.1 mM EDTA, and 0.1 mM phenylmethylsulfonyl fluoride. Marker proteins ranging from 14 to 100 kDa were fractionated through the same column under identical conditions and analyzed by SDS-polyacrylamide gel electrophoresis.
RESULTS
A previous study has delineated the shortest segment of the proximal COL11A1 promoter capable of directing constitutive and cell type-specific expression of the reporter CAT gene in transient transfection experiments (14) . The segment extends from nucleotide Ϫ541 to nucleotide Ϫ199 with respect to the major start site of transcription of this tissue-specific TATAless gene. Within it, DNase I footprinting assays identified six distinct areas of protection from nuclease digestion by nuclear proteins, which were termed FP9 to FP4 (Fig. 1) . In the present study, the same combination of DNA transfection and DNAbinding assays was used to further characterize the 342-bp upstream segment of COL11A1.
FP9 Is Required for Ϫ541COL11A1 Promoter Activity-To dissect the functional properties of the 342-bp segment, the activity of mutant constructs harboring progressive 5Ј promoter deletions, from FP9 to FP4, were compared after transfection into A-204 cells. The analysis showed that all mutant plasmids drive expression of the CAT gene to levels comparable to the basal activity of the Ϫ199COL11A1 promoter ( Fig. 2A) . The results therefore suggested that the 45-bp-long FP9 may be the principle contributor to transcription from the Ϫ541 promoter. This postulate was corroborated by the finding that the Ϫ541 promoter construct containing an unrelated sequence in place of the 45-bp FP9 (construct Ϫ541/45) displayed the same activity as the basal Ϫ199COL11A1 plasmid (Fig. 2C) . To Fig. 1 . B, EMSAs were performed using the indicated probes and nuclear extracts without (Ϫ) and with preincubation with antibodies against GATA-1 (␣1), GATA-3 (␣3), or Sp1 (␣S). C, EMSAs were performed using the indicated probes and A-204 nuclear extract without (Ϫ) and with unlabeled competitors corresponding to the GATA (G) and FP9 (F9) sequences. In the EMSA on the left, competitors were added at 100-fold excess; in the EMSA on the right, the GATA competitor was added at 20-, 50-, 100-, and 300-fold excess and the FP9 competitor at 20-and 50-fold excess. In all panels, the arrow and the closed circle identify FP9C and GATA-1, respectively.
establish whether other elements in the 342-bp segment might be required to support FP9 activity and indirectly to confirm the above results, another mutant construct was tested by transient transfection. The mutation was engineered using BstXI restriction sites conveniently located at nucleotides Ϫ482 and Ϫ316 and resulted in the internal loss of the segment spanning from FP8 to FP6 (Fig. 2A) . The mutant plasmid (construct Ϫ541/⌬167) exhibited slightly higher activity than the wild-type construct (Fig. 2C) . Although a similar test was not performed for the sequence encompassing FP4 and FP5, the results strongly suggested that FP9 is the major contributor to constitutive and cell type-specific transcription from the proximal COL11A1 promoter. Incidentally, wild-type and mutant constructs transfected into the HT-1080 line were transcriptionally inactive (data not shown).
The FP9 Binding Site Contains a GATA Palindrome-The EMSA was initially employed to assess the complexity of the FP9 binding pattern, as well as its specificity. To this end, nuclear proteins purified from A-204 cells were incubated with the radiolabeled 45-bp-long FP9 probe without and with increasing amount of the same unlabeled sequence. The results revealed the formation of a single predominant complex which migrates toward the top of the gel and is specifically competed by the same 45-bp-long sequence (Fig. 3A) . Occasionally, we observed a lesser intense and faster moving complex (see Fig.  3C ) whose identity was not investigated in the present study. Next, the methylation interference assay was performed to further characterize the trans-acting factor that binds to FP9. This delineated the main area of DNA-protein interaction by identifying the G residues that are contacted by the nuclear protein. Three major contact points and two minor ones were located within the 20-bp core of FP9 (Fig. 4A) . This sequence is characterized by an imperfect palindrome with a 2-bp interruption and strong homology to the binding site for GATA proteins ( Fig. 1) (21) . The EMSA reiterated the importance of the 20-bp core by documenting the ability of this sequence to compete for binding to FP9 almost as effectively as the 45-bp long oligonucleotide (Fig. 3A) . It also documented the specificity of the interaction, in that both the 45-bp and 20-bp oligonucleotides competed formation of the complex with comparable efficiency (Fig. 3A) . Furthermore, it showed that the competitiveness of the core sequence was somewhat diminished by substitutions outside of the GATA motifs (M1 and M4, Fig. 3A ) and was completely abolished by those introduced within them (M2 and M3, Fig. 3A) . Altogether, the results of the in vitro binding tests implicated the imperfect GATA palindrome as the major recognition site of the FP9 complex (FP9C). Consistent with this conclusion, substitution of the 20-bp core of FP9 with an unrelated sequence rendered the Ϫ541 promoter construct (Ϫ541/ 20) as inactive as the plasmid without the entire FP9 or the construct with the mutant version of the 45 bp (Fis. 2, B and C) .
FP9C Is a Novel Zinc-finger Protein-The GATA represents a family of six related zinc-finger transcription factors, which bind to the same (A/T)GATA(AG/GC) consensus sequence and are differently expressed in various tissues, including vascular muscles (21) . To test whether or not the imperfect FP9 palindrome could be recognized in vitro by GATA proteins, binding of MELC nuclear proteins to FP9 and the GATA consensus sequence were compared. The erythroleukemia cells were chosen for the test because they produce large amounts of GATA-1, the prototype of the GATA family (22) . The assay documented the ability of FP9 to bind in vitro the same protein of the MELC nuclear extract as the GATA consensus sequence (Fig. 3B) . Aside from the similar migration, identity between the two complexes was supported by the finding that they were both supershifted by anti-GATA-1 antisera but not by anti-GATA-3 or anti-Sp1 antibodies (Fig. 3B) . Based on the above results, we tested whether A-204 nuclei contain a GATA-like binding ac- tivity and found that the GATA consensus sequence failed to yield a retarded band in the EMSA (Fig. 3C) . To confirm the absence of GATA-like proteins in this ␣1(XI) collagen-producing tumor line, two additional EMSAs were performed. The first revealed that the A-204 nuclear factors that binds to the FP9 sequence is not recognized by the anti-GATA antibodies or by the control anti-Sp1 antisera (Fig. 3B) . In the second EMSA, formation of the complex between A-204 nuclear proteins and the FP9 sequence was challenged with molar excess of the GATA consensus sequence or the 45-bp oligonucleotide. As expected, 20-fold excess of the latter abrogated FP9C binding; by contrast, competition with the GATA consensus sequence had no significant effect on FP9C formation even when the oligonucleotide was added in vast molar excess (Fig. 3C) . Hence, a transcription factor other than GATA binds to the imperfect GATA palindrome of FP9 in the COL11A1-positive rhabdomyosarcoma cells.
OPA is a potent chelator of zinc and an effective inhibitor of DNA binding by zinc-finger proteins (23) . Consistent with this property, formation of GATA-1 between the MELC extract and the GATA consensus sequence was gradually blocked by increasing amounts of OPA (Fig. 5A) . The same result was obtained with the FP9 probe and the A-204 nuclear extract, thus implying that the factor recognizing the dyad of symmetry in the COL11A1 promoter is most certainly a zinc-finger protein.
Assuming a globular conformation for both proteins, the slower migration of FP9C compared with GATA-1 could be interpreted as suggesting that the former complex may be larger than the average GATA protein (ϳ50 kDa) (21) . To test this hypothesis, we estimated the molecular mass of the denatured protein by gel filtration chromatography. To this end, A-204 nuclear extract was denatured before being applied to the column equilibrated in the same denaturing buffer and the resulting fractions were renatured prior to be tested by the EMSA. Maximum FP9C binding activity was observed around a molecular range (80 -120 kDa) significantly greater than the one expected for a GATA protein (Fig. 5B) . A similar estimate was obtained for the native protein using glycerol gradient sedimentation analysis (data not shown). In sum, the above experiments suggested that an apparently novel ϳ100-kDa zincfinger protein binds to a critical upstream regulator of the proximal COL11A1 promoter.
FP9C Expression Is Cell Type-restricted-The absence of FP9C binding activity in MELC nuclei raised the possibility that the COL11A1 activator may only be present in a restricted number of cells. To test this hypothesis, we undertook a systematic EMSA screen of nuclear extracts from normal and transformed cell lines. In addition to the rhabdomyosarcoma A-204, substantial amount of FP9C was observed in cells of mesenchymal origins, such as chondrocytes and smc, and in keratinocytes and vascular endothelial cells (Fig. 6A ). By contrast, little or no FP9C binding activity was seen with nuclear extracts from fibroblasts, T-lymphocytes, neurogenic cells, hepatocytes, and melanocytes (Fig. 6A) . Binding of the ubiquitous NF-1 protein to its cognate site was nearly the same in fibroblasts compared to A-204 nuclear extracts, thus indirectly validating the significant difference in FP9C content between the cell lines (Fig. 6B) . Finally, Northern blot hybridizations established a positive correlation between FP9C binding activity and COL11A1 gene expression (Fig. 6C) . Altogether, the results strongly suggested that FP9C may be a regulator of cell type-specific transcription, in addition to controlling COL11A1 gene expression.
Aside from FP9C, smc nuclear extracts yielded a second and less evident complex whose relative migration appeared similar to that of GATA-1 (Fig. 6A) . This raised the possibility that the second complex could either correspond to an smc-specific GATA protein or represent a product of FP9C degradation. A methylation interference test was therefore performed on each of the smc retarded bands to discriminate between these alternatives. As expected, the slower migrating EMSA band of the smc sample (B1) yielded the same contact points as the single band of the A-204 sample (Fig. 4, compare A and B) . By contrast, the faster migrating band of the smc sample (B2) yielded a pattern different from FP9C but identical to GATA-1 (Fig. 4,  compare B and C) . Furthermore, competition with GATA consensus sequence eliminated the faster but not the slower migrating complex of the smc sample (data not shown). Recent expression data support the idea that the smc complex bound by FP9 is likely to correspond to GATA-6 (24) . Aside from establishing the contact points of GATA-6, the methylation interference assay reiterated the specificity of FP9C binding and the identity of the FP9C protein in different cell lines. The competition experiments described in the previous section strongly suggested that FP9C binds to the 45-bp probe with significantly higher affinity than GATA-1 (Fig. 3C) . Consistent with this postulate, addition of increasing amounts of smc nuclear extract to the FP9 binding reaction translated into substantially higher intensification of the B1 complex relatively to B2 (Fig. 4B) . This last result was interpreted as indicating that GATA-6 binding in vitro may have no physiological relevance to COL11A1 gene regulation. The screen for FP9C binding activity included myogenic cell lines that can be readily differentiated in vitro and osteoblastic representatives of different stages of differentiation. Together, they provided the experimental means to examine the possible relationship between FP9C expression and differentiation of skeletal muscle and bone cells. In the osteoblastic model, the transition from early to late stages of differentiation is represented by MC3T3-E1, ROS 25, and ROS 17/2.8 cells, in that order (25) . EMSA revealed that FP9C binding increases gradually with differentiation (Fig. 7A) . Comparable changes in FP9C expression were observed in the myogenic differentiation model (Fig. 7A) . This is exemplified by undifferentiated and in vitro differentiated C2C12 myoblasts, and by undifferentiated C3H10T1/2 cells and the clonally derived P2 line differentiated in vitro (16) . As a control, the same EMSAs were repeated using the binding site of a transcription factor that remains constant during skeletal muscle and bone cell differentiation (Fig. 7B ). An additional control included the Northern analysis of COL11A1 gene expression in the same panel of cell lines (Fig. 7C) . Within the experimental limitations of the two models, the results were therefore consistent with the notion that FP9C may be implicated in terminal differentiation of cell lineages that share a common embryological origin.
DISCUSSION
The list of nuclear factors that control transcription in specific cell types is growing at an increasing pace, thanks to the implementation of new screening strategies and the continued progress in the study of tissue-specific gene regulation. Although more tedious and time-consuming, the latter approach has the virtue of identifying cell type-specific factors through the cognate cis-acting elements and thus, of readily relating them with the expression and function of the target genes. Examples of nuclear factors identified in this way include the erythroid GATA-1 protein and the B lymphocyte activator Oct-2, among several others (22, 26) . Very recently, the study of FIG. 6 . Screening cells for FP9C binding activity and COL11A1 expression. A, EMSAs were performed with the same amount of FP9 probe (10,000 dpm) and the same amount of nuclear extracts (5 g) purified from A-204 (Rh), smc, chondrocytes (ch), MELC (Er), lymphocytes (T), NIH3T3 (mf) and CF37 (hf) fibroblasts, keratinocytes (kc), melanocytes (mc), hepatocytes (hp), and neurogenic cells (nc). The closed circle denotes the complex in common between smc and MELC extracts (see Fig. 3B ), whereas the arrow points to FP9C. B, comparison of the binding intensity of F9PC and NF-1 proteins in A-204 versus NIH3T3 nuclear extracts. Equal amounts (5 g) of nuclear extracts and radiolabeled probes (10,000 dpm) were added in each binding assay. C, Northern analysis of RNA from the above cells hybridized to the COL11A1 and glyceraldehyde-3-phosphate dehydrogenase probes.
the osteocalcin gene has led to the demonstration that Osf2/ Cbfa1, the mammalian homologue of the Drosophila Runt protein, is a major determinant of osteoblasts differentiation and a regulator of several ECM-coding genes in bone (27) (28) (29) . However, the Osf2/Cbfa1 case represents the exception rather than the rule among ECM-coding genes. Indeed, the genetic determinants responsible for orchestrating the assembly and remodeling of tissue-specific ECMs remain virtually unknown. By analogy to other systems, it is safe to predict that the diversification of matrix-coding gene expression in distinct mesenchymal cell lineages is probably achieved through combinatorial interactions of ubiquitous and cell type-specific factors. It is also reasonable to argue that expression of ECM-coding genes requires significantly more complicated networks of interactions than other tissue-specific gene families, both in terms of trans-acting factors and cis-acting elements. The collagen genes are a case in point. Current evidence excludes the existence of shared regulatory mechanisms involving common cisacting elements. Although fibroblast-specific elements have been identified in the coordinately regulated type I collagen genes, they differ in composition and interact with distinct nuclear proteins (4, 5, 30 -34) . A SOX9 binding activity has recently been reported to be necessary for cartilage-specific production of type II collagen (8, 9) . By contrast, there is no evidence of SOX9 participation in the exquisite specificity of ␣2(XI) collagen gene expression in restricted domains of the developing limbs (35) . Relevant to the present study, there is also no apparent similarity between the cis-acting elements of the ␣2(XI) collagen gene and of the one coding for the ␣1(XI) partner. We believe the results described in this report are consistent with having identified a cell type-specific regulator of collagen gene expression.
Although solely based on transient transfection assays, FP9 adheres to the two experimental criteria that are normally used to define a tissue-specific element. First, FP9 is required for transcription from the proximal Ϫ541COL11A1 promoter. This was demonstrated in functional assays that utilized progressively shorter promoter segments, internal deletions, and sequence substitutions of and within FP9. Particularly convincing was the finding that transcription from the Ϫ541 promoter depends on the 20-bp core sequence of FP9, the element that is principally involved in the binding of the cognate factor. To our surprise, however, the effects of more subtle mutations within the 20-bp core were not as drastic on transcription as they were on in vitro binding (data not shown). One of the problems with the functional evaluation of the promoter is the intrinsic weakness of the COL11A1 promoter. Work with transgenic mice is currently searching for upstream and downstream elements that may enhance promoter expression. The problem of promoter strength notwithstanding, FP9 conforms to probably the most important criterion for tissue specificity. It in fact binds a transcription factor, FP9C, which is produced in significant amounts only by a restricted number of cells. Albeit far from being exhaustive, the screen nevertheless suggests that FP9C is predominantly, but not exclusively, a mesenchymal gene product. Relevant to the main scope of the study, FP9C is consistently found in cells actively engaged in the synthesis of ␣1(XI) collagen. As already mentioned, the binding specificity of FP9C is dictated by a sequence that consists of two GATAlike motifs arranged in a palindromic configuration interrupted by the GG dinucleotide. Like the remaining of the Ϫ541 promoter, this element is remarkably conserved in the mouse gene (data not shown). In point of fact, there are only two nucleotide substitutions in the 20-bp core sequence of the two promoters. The substitutions result in a GG 3 AA transition in the mouse gene at the 2-bp interruption of the GATA palindrome; this is the very same mutation (M1) that was found inconsequential for FP9C binding (Fig. 3A) . FP9 can bind GATA-1 in vitro nearly as efficiently as the GATA consensus sequence. However, failure of the GATA consensus sequence to interfere with formation of FP9C clearly demonstrated that the 20-bp core is bound by the natural complex with very strong affinity, certainly higher than GATA-1. Along this line, incremental addition of smc nuclear extract augmented binding of FP9C significantly more than GATA-6. The sensitivity of FP9C to OPA treatment is widely regarded as a strong indication that the factor probably belongs to the zinc-finger family of proteins. Additional analyses suggested (but did not prove) that FP9C consists of a single polypeptide of about 100 kDa. Altogether the size of the nuclear factor, the composition of the cognate site and the functional effects of the FP9 mutations indicate that FP9C is probably a novel zinc-finger activator.
By extrapolating from the in vitro data, we suggest that organs actively involved in FP9C expression may include the FIG. 7 . FP9C binding and cell differentiation. A and B, EMSAs were performed using the same amount of labeled probe (10,000 dpm) and the same amount of nuclear proteins (5 g) purified from MC3T3-E1 (MC), Ros 25 (R25), and Ros 17/2.8 (R17) cells; from undifferentiated (Cu) and in vitro differentiated (Cd) C2C12 myoblasts; and from C3H1OT1/2 (C3) and in vitro differentiated P2 cells (P2). The probes were the FP9 sequence (A) and the high affinity Sp1 binding site (B); the arrow in A points to FP9C. C, Northern analysis of RNA from the above cells hybridized to the COL11A1 and glyceraldehyde-3-phosphate dehydrogenase probes. vascular system, skeletal muscle, bone, cartilage, and probably skin. In this respect, FP9C joins the list of transcription factors with restricted tissue distribution. One of such examples is MHox, whose expression in skeletal muscles and chondrocytes resembles that of FP9C (36) . Relevant to ECM-coding genes, FP9C represents the first regulator that is expressed in both hard and soft connective tissue. In at least two of the available systems, myoblasts and osteoblasts, FP9C levels seem to increase in concert with cell differentiation. Within the limitation of the models employed, we propose that FP9C is not only a tissue-specific regulator but also a determinant of cell differentiation. The cloning of the FP9C gene will provide the means to eventually test this hypothesis and elucidate the mechanisms underlying FP9C regulation of COL11A1 transcription. More generally, it may also shed new light on the pathways that govern cell commitment and differentiation in embryologically related but phenotypically distinct lineages.
